We genotyped Borrelia burgdorferi strains detected in larvae of Ixodes scapularis removed from songbirds and compared them with those found in host-seeking I. scapularis nymphs sampled throughout the eastern United States. Birds are capable of transmitting most known genotypes, albeit at different frequencies than expected based on genotypes found among host-seeking nymphs.
Borrelia burgdorferi, the etiologic agent of Lyme disease (5) , is a vector-borne spirochete transmitted by certain species of Ixodes (Acari: Ixodidae) ticks. In eastern North America, B. burgdorferi is maintained in a sylvatic cycle consisting of vertebrate reservoir hosts and immature stages of the black-legged tick, Ixodes scapularis: larval ticks acquire spirochetes while feeding on infected hosts, maintain infection through molt, and infect naïve hosts as nymphs. The genotypic diversity of B. burgdorferi has been characterized in North America (4, 12) , and this variation has been linked with differential pathogenicity in mice (19) and humans (20) . Mammals, notably the white-footed mouse (Peromyscus leucopus) (17) , are the primary reservoirs for B. burgdorferi and are capable of transmitting most genotypic variants (3, 10) . Songbirds are commonly parasitized by immature I. scapularis ticks, and field studies have shown that most North American bird species are capable of infecting I. scapularis larvae with B. burgdorferi during feeding (1) . Laboratory studies have demonstrated high reservoir competence for some bird species (16) but not others (14) , and some species show apparent variation in competence (8, 14) , potentially owing to pathogen strain-or genotype-specific differences in immune response. Although a wide variety of songbirds are capable of transmitting B. burgdorferi to ticks (1), few data exist showing genotype diversity of B. burgdorferi strains detected in bird-derived I. scapularis larvae. To determine the ability of birds to support and transmit diverse B. burgdorferi lineages, we compared the B. burgdorferi genotype frequency profile detected in bird-derived I. scapularis larvae to the genotype frequencies in a large sample of host-seeking I. scapularis nymphs collected throughout the eastern United States.
In collaboration with bird biologists in 12 eastern states, we collected ticks from songbirds at 20 sites in 2007 and 2008 (Fig. 1 ). Birds were captured in mist nets and released immediately following data and tick collection. We extracted DNA from all ticks using Qiagen (Qiagen, Inc., Valencia, CA) DNeasy blood and tissue kits using the recommended protocols but substituting Roche proteinase K (Roche Applied Science, Indianapolis, IN) for Qiagen proteinase K. We used nested PCR to amplify a portion of the B. burgdorferi 16S-23S rRNA intergenic spacer (IGS) region (4) and bidirectionally sequenced the resulting amplicons. The B. burgdorferi amplicons were compared to a BLAST library containing reference genotypes (18) obtained from host-seeking I. scapularis nymphs collected throughout the eastern United States from 2004 to 2006 (6, 7) (Fig. 1) . Sequences that did not provide unambiguous chromatogram peaks for all nucleotides or did not match to previously identified genotypes at all loci were excluded from analysis. We compared the genotype frequencies in bird-derived larvae and host-seeking nymphs by Fisher's exact test in SAS, version 9.2 (SAS Systems, Cary, NC), with P values determined by Monte Carlo estimation. Because B. burgdorferi genotype frequencies differ among population foci (7), we performed analyses for midwestern and northeastern subsets of data in addition to global analyses.
We detected B. burgdorferi in 103 out of 622 bird-derived I. scapularis larvae collected from 53 individual birds. All PCR products were sequenced, and 65 larvae, collected from 36 birds of 13 species, produced unambiguous chromatogram peaks at all nucleotides. Of these sequences, 63 matched to previously identified genotypes (Table 1) , one differed from all previously identified sequence types at 3 of 812 loci, and another differed at 5 of 812 loci. We detected 15 previously described genotypes in bird-derived I. scapularis larvae and 25 different genotypes (Table 1) (1 genotype was found in a single sample and 1 was found in two samples) in host-seeking I. scapularis nymphs (18) from the same broad geographic region (Fig. 1 ). Global comparisons indicate significantly different genotype frequencies in hostseeking (n ϭ 729) and bird-derived (n ϭ 63) I. scapularis ticks (100,000 Monte Carlo samples, P Ͻ 0.0001). Similarly, within both the Northeast (48 bird ticks and 352 nymphs) and Midwest (15 bird ticks and 377 nymphs) sample groups, genotype frequencies differed between bird-derived and host-seeking ticks (P ϭ 0.001 and P ϭ 0.02, respectively).
Our results indicate that birds can become infected with and are capable of transmitting to I. scapularis larvae most of the B. burgdorferi genotypes that are regularly detected in host-seeking nymphs, although at different frequencies than would be expected based on host-seeking nymph samples. For example, genotypes 4, 6, and 9 were recovered from birds more often than expected by chance alone, and genotype 2 was detected in bird-derived larvae less frequently than would be expect by chance ( Table 1 ). The differences in genotype frequencies among sample types could arise for several reasons. First, B. burgdorferi genotype frequencies in host-seeking ticks vary over space (7) and time (15) . Although our avian sampling sites were generally spatially congruent with the nymphal collection sites (Fig. 1) , stochastic sampling effects or interannual variation could influence the detected frequency of different genotypes in birdderived larvae, as well as in host-seeking nymphs.
Second, differences in genotype frequencies in bird-derived larvae and host-seeking nymphs could result from host specialization of certain B. burgdorferi genotype groups to particular host taxa. Brisson and Dykhuizen (3) suggested that host specialization accounted for differences in genotype frequency among B. burgdorferi strains detected in larvae collected from diverse mammalian species and those present in host-seeking nymphs, which should represent the expected "background" genotypic diversity at a given site.
However, Hanincova et al. (10) demonstrated that spatiotemporal scale influences observed genotype frequencies and concluded that caution is warranted in drawing conclusions about host specificity. One of the most commonly detected genotypes in birds (IGS 9) in our study was not encountered in a sample of 205 mammal-derived ticks (10), suggesting possible specialization of this genotype to avian hosts.
Wang et al. (19) and Hanincova et al. (11) demonstrated that there are apparent fitness differences among B. burgdorferi genotypes in a particular host type, and Wormser et al. (20) reported strain-specific variation in B. burgdorferi virulence for humans. Host specialization in North America may or may not be defined as incompatibility of certain genospecies with host taxa, as proposed for B. burgdorferi (sensu lato) transmission cycles in Europe (13) . Although some genotypes are absent from or rare in certain taxa, mammals and birds are apparently capable of transmitting a range of B. burgdorferi genotypic variants.
How birds vary in their competency as reservoirs for B. burgdorferi strains and genotypes of different pathogenicity for humans may be important to public health. Allelic associations between IGS and ospC, a plasmid-borne gene thought to be a mammalian virulence factor (9), exist at smaller spatial scales, but it may not be prudent to infer ospC genotype from IGS genotype (18) . However, none of the genotypes that are overrepresented in birds are classified as ribosomal spacer type I, the B. burgdorferi genotype group that tends to cause disseminating infections in humans (20) . As birds likely play a critical role in the rate and direction of B. burgdorferi dispersal (1, 2) , understanding the relationships between host and pathogen will help to predict We thank Bridgit Travinsky for assistance with molecular analysis and a large number of biologists who sampled birds and collected ticks for us. J. Childs and D. Fish provided valuable comments on an earlier version of the manuscript. We also acknowledge D. Fish, P. Cislo, P. Krause, N. Lloyd, and L. Rollend for their valuable thoughts, insights, and expertise. 
